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genetic	 bottlenecks.	 The	D. oliveri	 populations	 had	 generally	 high	 levels	 of	 genetic	
diversity	(mean	He	=	0.73),	but	also	strong	genetic	differentiation	among	populations	
(global	GST	=	0.13),	while	D. cochinchinensis	had	a	moderate	level	of	genetic	diversity	
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The	high	species	richness	and	endemism	levels	in	Southeast	Asia	
can,	 in	part,	be	attributed	 to	 the	complex	biogeographical	 and	geo-
logical	history	of	the	region	(Woodruff,	2010),	 involving	collisions	of	
the	 Indian	 and	Australian	 tectonic	 plates	 early	 in	 the	Cenozoic,	 fol-
lowed	by	subsequent	movements	of	 these	and	other	smaller	plates,	
which	caused	rapid	changes	in	the	distribution	of	land	and	sea	areas	












lands	 to	 freshwater	 and	 coastal	 habitats	 (Maxwell,	 2004;	 Theilade,	
Schmidt,	Chhang,	&	McDonald,	2011;	Tordoff	et	al.,	2012).
Large	parts	of	Indochina	have	been	inaccessible	to	researchers	for	
long	periods	during	 the	20th	century	due	 to	political	 instability	and	







However,	 often	 very	 little	 is	 known	 about	 the	 distribution,	
	population	dynamics,	and	life-	history	traits	of	single	species,	and	how	
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than	D. cochinchinensis	 (CTSP	2004;	Niyomdham,	2002;	Niyomdham	
et	al.,	1997).	Until	recently,	there	was	some	confusion	concerning	the	
taxonomy	 of	D. oliveri,	 as	 it	was	 earlier	 divided	 into	 several	 species	










of	 illegally	 logged	 timber	 (CITES	2017).	Despite	 their	 economic	 and	
ecological	significance,	previous	population-	level	studies	of	these	two	
species	are	limited	and	cover	only	small	parts	of	their	distribution	areas	



















and	D. oliveri	 from	 natural	 populations	 in	 Laos,	Thailand,	 Cambodia,	
and	 Vietnam.	 The	 sampling	 spans	 the	 entire	 distribution	 range	 for	
D. cochinchinensis	 and	 the	majority	of	 that	 for	D. oliveri.	Our	specific	
objectives	are	to	1)	explore	and	describe	the	landscape	genetic	diver-
sity	patterns	of	 the	 two	species	across	 the	study	area,	2)	 relate	 the	



























the	northeast	 regions	 along	 the	Thai	border	 (CoP16	C,	2013;	CTSP	
2004;	Niyomdham,	2002).	 It	 is	registered	 in	a	few	provinces	 in	cen-
















We	 sampled	 677	 individuals	 from	 26	 populations	 of	
D.  cochinchinensis	 from	 localities	 in	 Laos,	 Thailand,	 Cambodia,	
and	Vietnam	and	616	 individuals	 from	23	populations	of	D. oliveri 
from	 localities	 in	Laos,	Cambodia,	and	Vietnam	 in	the	period	from	
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TABLE  1 Genetic	characteristics	of	Dalbergia cochinchinensis and Dalbergia oliveri	populations
Country Pop code R N Na Na(rare) Priv. all. Ho He FIS T2 Mm
D. cochinchinensis
Laos NIA 0.83 21 2.67 2.20 0 0.39 0.43 0.078 1.167 0.37
TXA 0.80 13 2.22 1.96 0 0.36 0.34 −0.029 0.750 0.45
TAL 0.76 17 2.56 2.14 0 0.37 0.40 0.089 0.910 0.48
BAN 1.00 28 3.00 2.23 0 0.45 0.43 −0.076 0.796 0.43
TAI 0.71 18 3.11 2.33 0 0.46 0.43 −0.041 0.215 0.41
UDO 1.00 28 3.33 2.36 1 0.40 0.43 0.086 0.604 0.41
KPN 0.72 19 3.33 2.28 0 0.45 0.39 −0.115 −1.252 0.39
Thailand PW 1.00 30 4.56 2.61 1 0.43 0.48 0.085 −2.006 0.32
PK 1.00 29 3.67 2.50 0 0.41 0.48 0.140 0.314 0.42
PY 1.00 33 4.56 2.64 2 0.45 0.48 0.030 −1.488 0.33
PJ 1.00 22 7.22 3.78 3 0.68 0.67 0.000 −2.420 0.31
Cambodia POS 0.93 28 7.33 4.15 2 0.79 0.75 −0.024 0.569 0.32
RUK 0.44 15 5.44 3.75 0 0.69 0.70 0.027 1.196 0.32
ANG 0.16 4 3.22 3.22 0 0.72 0.62 −0.026 * 0.24
NOY 0.96 26 5.56 3.52 1 0.65 0.66 0.029 1.015 0.28
PYA 0.84 27 6.89 4.01 2 0.72 0.71 0.017 0.332 0.36
RO 0.42 11 6.22 3.50 1 0.72 0.66 −0.040 −0.943 0.28
KRA 0.46 14 5.00 3.53 0 0.69 0.62 −0.071 0.177 0.30
SK 0.79 24 5.89 3.48 1 0.68 0.64 −0.046 −0.278 0.33
DP 0.33 10 4.44 3.58 1 0.68 0.61 −0.057 0.912 0.31
KIR 0.86 25 6.00 3.58 1 0.66 0.64 −0.036 −0.465 0.34
SPEU 0.78 22 5.67 3.05 0 0.70 0.65 −0.051 0.745 0.33
DNT 0.56 6 3.44 3.38 2 0.44 0.46 0.102 * 0.30
HAP 1.00 25 5.44 3.97 2 0.63 0.62 0.015 0.746 0.38
Vietnam CAH 1.00 6 3.11 2.73 0 0.53 0.47 −0.061 * 0.36
YOD 0.53 22 3.89 3.28 1 0.47 0.50 0.079 0.748 0.36
Overall Mean 0.76 20 4.53 3.95 -	 0.56 0.55 0.004 -	 0.35
D. oliveri
Laos NIA 0.80 9 5.86 4.64 1 0.83 0.73 −0.075 * 0.31
TXA 0.75 13 7.14 5.23 0 0.81 0.79 0.012 1.621 0.34
BAN 1.00 5 4.86 4.86 0 0.89 0.72 −0.122 * 0.32
TKK 0.91 22 6.86 4.21 4 0.67 0.68 0.035 −0.379 0.31
Cambodia SMK 0.97 32 9.00 5.21 0 0.83 0.80 −0.019 1.066 0.32
TBM 0.97 38 9.71 5.22 0 0.83 0.80 −0.032 1.068 0.40
PL 0.63 6 6.00 5.68 0 0.93 0.79 −0.108 * 0.27
RO 0.25 8 6.86 5.55 1 0.80 0.77 0.025 * 0.32
KRA 0.56 16 10.29 5.99 0 0.81 0.82 0.047 0.081 0.39
DP 0.17 6 5.43 5.12 0 0.93 0.77 −0.114 * 0.29
KIR 0.48 15 8.29 5.36 0 0.85 0.78 −0.057 0.467 0.37
DNT 0.36 9 7.00 5.50 1 0.76 0.78 0.087 * 0.31
RBL 0.83 39 9.86 5.30 1 0.78 0.80 0.044 1.333 0.33
LUM 0.94 31 9.57 5.21 0 0.82 0.79 −0.016 0.175 0.33
SEI 0.83 30 5.86 3.82 0 0.77 0.67 −0.142 1.171 0.37
(Continues)




2.2 | DNA extraction and genotyping
DNA	from	leaf	or	cambium	samples	was	extracted	using	a	CTAB	pro-
tocol	 (Doyle	&	Doyle,	1987)	or	 (for	 seedlings)	 the	PowerPlant®	Pro	
DNA	isolation	kit	(MO	BIO	Laboratories,	Inc.,	CA,	USA).
Microsatellite	markers	 for	D. cochinchinensis	 and	D. oliveri were 
developed	by	Genoscreen	(Lille,	France),	using	enriched	genomic	li-




construction	 and	validation	 of	markers	were	 based	on	Cambodian	
samples	 for	 D. cochinchinensis,	 and	 Cambodian	 and	 Vietnamese	
samples	 for	D. oliveri.	 Nine	 (COC_01,	 COC_05,	 COC_06,	 COC_07,	
COC_08,	COC_10,	COC_11,	COC_13,	COC_18)	and	eight	(OLI_01,	
OLI_05,	 OLI_06,	 OLI_14,	 OLI_15,	 OLI_16,	 OLI_17,	 OLI_19)	 poly-
morphic	 markers	 with	 high	 amplification	 rates	 were	 selected	 for	
D. cochinchinensis	 and	D. oliveri,	 respectively,	 for	 use	 in	 this	 study	
(characteristics	 are	 given	 in	 Tables	 S3	 and	 S4).	 The	markers	were	
multiplexed	 into	 two	 mixes	 for	 each	 species	 (D. cochinchinensis 
MIX1:	 COC_01,	 COC_05,	 COC_10,	 COC_13,	 and	MIX2:	 COC_06,	
COC_07,	COC-	08,	COC_11,	COC_18,	and	D. oliveri	MIX1:	OLI_01,	
OLI_05,	 OLI_06,	 OLI_16,	 and	 MIX2:	 OLI_14,	 OLI_15,	 OLI_17,	
OLI_19),	 and	 PCRs	 were	 performed	 using	 the	 QIAGEN	Multiplex	
PCR	kit	(QIAGEN,	Sweden)	according	to	the	manufacturer’s	instruc-
tions,	except	 that	 total	 reaction	volume	was	 reduced	to	10	μl. The 
PCRs	were	 conducted	 on	 a	 Bio-	RAD	C1000	Thermal	 Cycler	 (Bio-	
Rad	 Laboratories,	 Denmark)	 or	 a	 GeneAmp	 2700	 Thermal	 Cycler	
(Applied	 Biosystems,	 USA)	 with	 the	 following	 cycling	 conditions:	
95°C	for	15	min,	followed	by	30	cycles	of	95°C	for	30	s,	55°C	for	90	
sec,	and	72°C	for	90	s,	and	a	final	step	at	72°C	for	10	min.





The	marker	OLI_1	 showed	 poor	 amplification	 in	 some	 populations,	
and	the	total	percentage	of	missing	data	for	this	locus	across	all	sam-





each	population	 separately	 in	 order	 to	 test	whether	 identical	 geno-
types	could	be	considered	as	clones.	To	provide	an	estimate	of	clonal	









, where G	 is	the	number	of	unique	geno-















FreeNA	 (Chapuis	 &	 Estoup,	 2007),	 which	 computes	 a	 dataset	with	
Country Pop code R N Na Na(rare) Priv. all. Ho He FIS T2 Mm
Vietnam CMR 1.00 33 9.86 5.07 2 0.71 0.76 0.074 −2.721 0.36
YOD 0.91 21 10.71 5.90 4 0.68 0.82 0.062 −0.948 0.34
CYS 0.56 32 7.29 4.29 0 0.69 0.66 −0.118 −1.175 0.32
LUS 0.91 21 5.14 3.34 0 0.68 0.61 −0.092 −0.033 0.23
DAL 1.00 24 5.14 3.99 0 0.68 0.61 −0.045 −0.702 0.29
CTA 1.00 25 6.57 4.11 3 0.65 0.64 −0.004 −0.205 0.35
CTB 0.42 6 3.71 3.52 0 0.55 0.58 0.142 * 0.29
SAM 0.96 24 6.43 3.75 1 0.63 0.64 0.022 −1.201 0.29























2.3.2 | Tests for genetic bottlenecks




model	 (SMM)	 in	 TPM	=	0.70),	 a	 one-	tailed	Wilcoxon’s	 signed	 rank	
test	and	1000	iterations,	and	applying	sequential	Bonferroni	correc-
tions.	The	T2	statistic	represents	the	deviation	between	observed	and	
expected	 heterozygosity	 based	 on	 the	 number	 of	 observed	 alleles	


































each	K	over	 the	10	 iterations	and	estimate	ΔK	 (Evanno,	Regnaut,	&	
Goudet,	2005),	the	data	were	treated	by	the	StructureHarvester	web	
program	 (Earl	 &	Vonholdt,	 2012).	 The	 first	 analyses	 showed	 strong	

















archical	 levels	 (within	 populations,	 among	 populations	 and	 among	
regions),	we	 performed	 an	AMOVA	 in	Arlequin	 and	 tested	 the	 sig-
nificance	 with	 1000	 permutations.	 For	 D. cochinchinensis,	 the	 five	










To	 include	 geographical	 location	 of	 populations	 as	 parameter,	
we	 conducted	 an	 additional	 genetic	 clustering	 analysis	 in	Geneland	
(Guillot,	Estoup,	Mortier,	&	Cosson,	2005;	Guillot,	Mortier,	&	Estoup,	
2005).	We	used	population	GPS	coordinates	 for	 all	 samples	 and	al-
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(Ritland,	 2002),	which	 uses	maximum-	likelihood	 computation	 under	

































Comparison	of	FST	values	 of	 the	 original	 data	 and	 the	 data	 cor-
rected	for	null	alleles	showed	that	any	bias	was	minor,	and	we	there-
fore	conducted	all	further	analyses	on	the	original	datasets	(original/
corrected	FST	values: D. cochinchinensis:	0.247	/	0.236	and	D. oliveri: 
0.128	/	0.126).
Overall	 levels	 of	 expected	 heterozygosity	 indicated	 medium	
levels	 of	 genetic	 diversity	 for	 D. cochinchinensis	 (mean	 He	=	0.55)	
and	high	levels	for	D. oliveri	populations	(mean	He	=	0.73)	(Table	1).	
In	both	 species,	 populations	 in	 the	 center	of	 the	distribution	 area	





Cambodia	 and	 Thailand	 (populations	 PJ	 to	 NOY	 with	 He	 around	
0.70),	 followed	 by	 the	 Cardamom	 and	 Elephant	 mountains	 area	
(populations	RO	to	SPEU	with	He	from	0.61–0.66).	The	Vietnamese	
and	the	three	northeastern	Thai	populations	had	intermediate	diver-
sity	 levels	 (He	=	0.47–0.50),	 and	 the	 lowest	values	were	 found	 for	
the	Laotian	populations	(He	=	0.34–0.43).
The	Cambodian	populations	of	D. oliveri	 in	general	had	the	high-
est	He	 values,	 almost	 all	 around	 0.8,	which	was	 also	 found	 for	 the	












The Mm	 values	 for	 both	 species	 were	 all	 low	 (0.23–0.48),	 well	
below	the	critical	values	of	0.68	(Garza	&	Williamson,	2001),	indicat-
ing	 that	 all	 populations	went	 through	old	or	prolonged	bottlenecks.	




3.2 | Genetic differentiation among populations
We	found	a	high	level	of	differentiation	among	populations	of	D. oli-
veri	 (Global	GST	=	0.13)	 and	 a	 very	 high	 level	 among	populations	 of	
D. cochinchinensis	 (Global	GST	 	=	0.25).	The	alternative	estimators	of	
genetic	differentiation,	G′′ST	and	Jost′	D,	which	are	not	affected	by	
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Pairwise	 population	 FST	 values	were	 between	 0–0.45	 for	D. co-
chinchinensis	and	0–0.25	for	D. oliveri	and	were	highest	among	geo-
graphically	 distant	 populations	 (Figs	 S2	 and	 S3).	 The	 IBD	 analysis	
confirmed	 a	 highly	 significant	 relationship	 between	 FST	 values	 and	
geographical	distance	between	populations	for	both	species,	although	
much	 stronger	 for	 D. cochinchinensis	 (r2	 	=	.76,	 p =	.0001)	 than	 for	




When	 using	 STRUCTURE	 to	 analyze	 the	 partitioning	 of	 genetic	
variation	the	first	analyses	showed	that	K = 2	was	the	most	likely	num-
ber	of	genetic	clusters	overall,	 for	both	species.	For	D. cochinchinen-
sis,	 these	 two	clusters	divided	 the	populations	 into	a	north	 (All	 Lao	
and	northernmost	Thai	populations)	and	a	south	group	 (Cambodian,	
Vietnamese,	and	the	PJ	Thai	population)	with	very	limited	admixture	




Further	 analysis	 of	 substructure	 revealed	 a	 total	 of	 five	 clusters	
each	for	both	species	(Figure	3).	The	Geneland	analyses	suggested	a	









ANG,	 NOY,	 PYA,	 PJ),	 4.	 southwest	 Cambodian	 populations	 (RO	 to	




(SK	 to	DNT),	 and	 the	Dangrek	mountain	 area	 group	 into	 a	western	
(POS	 to	NOY)	 and	 eastern	 group	 (PYA,	 PJ).	 In	 the	 northern	 part	 of	
the	sampling	area,	the	Geneland	analysis	rather	separated	the	Central	
Laotian	from	the	Northern	Thai	and	Laotian	populations	(Figure	4).






























y = 0.0004x + 0.0831




























y = 0.00007x + 0.0636
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For	D. oliveri,	 the	 STRUCTURE	 analysis	 yielded	 a	more	 admixed	
structure	than	for	D. cochinchinensis.	Only	two	groups	at	the	periphery	
of	the	sampling	area,	the	Laos	populations	(NIA	to	TKK)	and	the	most	
SE	 Vietnamese	 populations	 (DAL	 to	 SAM)	 were	 almost	 exclusively	
assigned	 to	 a	 single	 cluster,	 while	 the	 remaining	 populations	 were	
more	admixed.	However,	 the	SEI,	CYS,	and	LUS	populations	can	be	







(b) D. oliveri(a) D. cochinchinensis
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recognized	as	a	group	from	the	same	patterns	of	admixture,	as	can	the	
SW	Cambodian	populations	(RO	to	DNT)	and	the	eastern	Cambodian	




The	 Geneland	 analysis	 overall	 found	 the	 same	 groups	 as	 the	
STRUCTURE	 analysis	 and	 particularly	 confirmed	 the	 distinctive-
ness	of	the	SE	Vietnamese	populations	from	the	southern	part	of	
Cat	Tien	National	 Park	 in	 relation	 to	 the	 geographically	 adjacent	
populations	LUS	(located	in	the	northern	part	of	Cat	Tien	National	
Park),	SEI	and	CYS,	as	well	as	of	the	SMK	population.	However,	it	
differed	 in	 the	separation	of	TKK	 from	 the	other	Laotian	popula-











































the	 other	 hand,	we	 also	 found	 substantial	 differences	 between	 the	
two	species.	Dalbergia oliveri	had	a	higher	level	of	genetic	diversity	and	
a	 lower	 level	of	 geographical	 differentiation	 than	D. cochinchinensis,	
which	could	reflect	differences	in	life-	history	traits.
Specifically	for	Dalbergia,	our	data	further	revealed	that	both	spe-
cies	 reproduced	 clonally.	 We	 assumed	 that	 root	 suckers	 were	 the	
primary	mode	of	clonal	 reproduction	 in	 these	species,	as	such	were	
directly	 observed	 at	 several	 localities,	 for	 both	 species.	 This	 ability	










4.1 | Population genetic structure of 
D. cochinchinensis and D. oliveri —can be explained 
by the Indochinese landscape
The	 population	 genetic	 structure	 of	 both	 species	 as	 reflected	 by	
STRUCTURE	 and	 GENELAND	 analyses	 showed	 patterns	 that	 cor-
responded	well	 to	 landscape	 features	 of	 the	 Indochina	 region.	 The	





tm tm−ts rpmultilocus 1/rp
D. cochinchinensis 
NOY
0.824	(0.050) 0.101(0.029) 0.154	(0.044) 6.5
D. cochinchinensis 
SPEU
0.710	(0.042) −0.011(0.025) 0.049	(0.045) 20.4













tions	 just	to	the	north	of	them,	 indicating	a	 long	history	of	 isolation	
and	 limited	 gene	 flow.	 This	 region	 is	 bordered	 by	 sea	 to	 the	 south	
and	east,	and	the	Mekong	River	Delta	to	the	west,	which	means	that	
populations	 are	only	 connected	 to	 the	 rest	 through	 the	north.	 This	
could	explain	the	very	low	levels	of	genetic	diversity	found	in	D. oliveri 
populations	 in	 this	 region.	 Interestingly,	 a	 study	 of	 an	 Indomalayan	
tree	mouse	showed	parallel	 results	of	a	highly	diverged	and	 low	di-
versity	 South	 Vietnamese	 lineage	 (Meschersky,	 Abramov,	 Lebedev,	






























ince	 in	 China	 through	 northern	Vietnam	 and	 exits	 into	 the	 Gulf	 of	
Tonkin,	has	also	been	found	to	act	as	dispersal	barrier	to	a	plant	spe-
cies,	creating	intraspecific	differentiation	(Zhao	&	Zhang,	2015).
4.2 | Ancient imprints on current genetic diversity 





in	 teak	 (Tectona grandis)	 across	 the	distribution	 range	 from	 India	 to	
Laos,	with	decreasing	diversity	along	a	west–east	gradient,	and	inter-
preted	the	pattern	as	an	indication	that	teak	has	its	center	of	origin	






sible	 for	 the	 reduced	diversity	 toward	 the	edges	of	 the	distribution	
area.
The	 low	values	 of	Mm	 for	 both	 species	 could	 indicate	 that	 they	
experienced	 reduced	 population	 sizes	 due	 to	 forest	 fragmentation	





Hope	 et	al.,	 2004).	Other	 studies,	 though,	 indicate	 that	 larger	 areas	














suggested	that	 isolation	 in	mountainous	refugia	 in	earlier	cooler	pe-
riods	caused	the	presence	of	several	distinct	lineages	within	a	forest	






Dalbergia	 species,	 as	 these	 areas	 generally	 harbored	 lower	 levels	 of	
genetic	diversity.	The	two	clearly	separated	north	and	south	clusters	
found	 for	D. cochinchinensis	 in	 the	 first	 level	 of	 STRUCTURE	 analy-
sis	could	though	be	interpreted	as	the	result	of	an	earlier	separation	
into	 northern	 (e.g.,	 Laos/Northeastern	Thailand)	 and	 southern	 (e.g.,	
Central	 Cambodia/Vietnam)	 refugia.	 The	 populations	 in	 the	 north-
ern	cluster	showed	slightly	higher	Mm	values	than	the	southern	pop-
ulations,	which	 could	 indicate	 a	 less	 severe	 bottleneck,	 maybe	 due	
to	 larger	 and	more	 continuous	 forest	 refugia	 supported	by	 the	vast	
highland	areas	of	northern	Laos	and	Vietnam.	However,	the	existing	
north/south	pattern	is	also	likely	a	result	of	the	high	degree	of	IBD	in	





mountains	 (Thai/Cambodian	 border)	 and	 the	 Central	 Annamites/
Highlands	(Vietnam).	It	could	indicate	that	these	areas	have	had	a	con-
tinuous	presence	of	 suitable	 forest	habitats	 for	Dalbergia,	 persisting	












4.3 | Effect of deforestation and fragmentation
Indochina	 has	 been	 experiencing	 high	 levels	 of	 deforestation	 ap-
proximately	since	the	middle	of	the	20th	century,	with	current	levels	
among	the	world′s	highest	(FAO	2009;	Lestrelin,	2010;	Meyfroidt	&	
Lambin,	 2008;	 SCW	2006;	WRI	 2015),	 and	 it	 could	 thus	 be	 antici-
pated	that	forest	trees	as	Dalbergia	would	suffer	from	reduced	genetic	
diversity	and	higher	 levels	of	 inbreeding	(Lowe	et	al.,	2004).	Studies	




overlapping	 generation	 times	 and	generally	 high	 levels	 of	 outcross-
ing	and	dispersal	rates,	trees	might	not	respond	immediately	to	frag-































are	based	on	few	samples	 in	a	single	year,	 the	 interpretation	should	
be	cautious.
4.4 | Differences between D. cochinchinensis and 
D. oliveri can be explained by differing life- history traits
Dalbergia oliveri	 seems	 to	 have	 a	 higher	 level	 of	 gene	 flow	 than	
D. cochinchinensis,	 which	 was	 shown	 by	 a	 higher	 and	 more	 evenly	
distributed	 level	 of	 genetic	 diversity	 and	 a	 more	 admixed	 popula-
tion	 structure.	 Both	 species	 showed	 a	markedly	 higher	 level	 of	 ge-
netic	 differentiation	 than	 other	 Indochinese	 trees	 (Pakkad,	 Ueno,	
&	 Yoshimaru,	 2008;	 Pakkad	 et	al.,	 2014;	 Senakun	 et	al.,	 2011;	





The	 two	 species	 are	 assumed	 to	 be	 pollinated	 by	 small	 insects,	
which	presumably	have	limited	pollen	dispersal	capability	at	longer	dis-
tances,	and	thus	may	only	be	of	significance	within	populations.	Gene	
flow	 through	dispersal	of	pollen	 is	not	expected	 to	differ	much	be-
tween	the	two	species.	With	regard	to	seed	dispersal,	both	species	are	
thought	to	be	spread	by	wind	and/or	possibly	water,	although	water	
dispersal	 seems	more	 likely	 for	D. oliveri	 than	 for	D. cochinchinensis. 
The	 fruits	of	D. oliveri	 are	 larger	and	more	hard/leathery	 than	 those	
of	D. cochinchinensis,	which	are	thinner	and	more	papery.	Further,	the	









High	 levels	 of	 gene	 flow	 may	 counteract	 the	 negative	 conse-
quences	 of	 fragmentation	 and	 logging,	 thus	 mitigating	 the	 loss	 of	



















signs	of	inbreeding	in	the	adult	populations	of	D. cochinchinensis (see 
discussion above),	we	do	not	consider	it	 likely	that	selfing	caused	the	
observed	differences	among	the	two	species.
Finally,	 D. oliveri	 has	 a	 broader	 distribution	 area	 and	 occurs	
in	 a	 wider	 ecological	 niche	 than	 D. cochinchinensis	 (CTSP	 2004;	
Niyomdham,	2002;	Niyomdham	et	al.,	1997),	thus	supporting	a	larger	
total	 population	 size	 than	D. cochinchinensis	 (assuming	 approximate	
similar	densities).	This	could	also	explain	the	higher	diversity	levels	in	
D. oliveri	(Hamrick	&	Godt,	1996).
Despite	 the	apparent	differences	 in	 life-	history	 traits	 and	 levels	of	
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